The main and minor constituents of tenryocha extract product, a natural sweetener, were investigated as a part of an ongoing study to evaluate its quality and safety as a food additive. Four constituents, namely rubusoside, steviolmonoside, panicloside IV, and ent-16a,17-dihydroxykauran-19-oic acid, were isolated. The concentration of rubusoside, the main sweet constituent,
Introduction
Rubus suavissimus S. L:: (Rosaseae) is a shrub indigenous to China, and its leaves are used to prepare Chinese sweet tea. The main sweet constituent is rubusoside (1) 1) , a b-9-glucosyl ester of 13-O-b-9-glucosylsteviol, that is around 75-fold sweeter than sucrose. Many minor ent-kaurane-type diterpene glycosides in the leaves have been reported by Ohtani et al. 2) . The hot water extract from the leaves, called the tenryocha extract, has been used as a natural sweetener. The List of Existing Food Additives in Japan 3) stipulates that tenryocha extract is a substance composed mainly of rubusoside (1) from the leaves of R. suavissimus.
Recently the sweet tea, known in Japan as Tenryocha or Tencha, and the hot-water extract product have attracted a great deal of public attention in Japan, since it has been reported by Ukai 4) that the extract is e#ec-tive in the prevention of pollinosis. Nakahara 5) suggested that the principal anti-allergic active constituent is a GOD-type tetrametric ellagitannin (sanguiin H-11 6) ). For this reason, the tenryocha extract product is used more as a material for health care foods than as a natural sweetener.
To date, the constituents of tenryocha extract product have not been fully clarified. In this paper, rubusoside (1), the main sweet constituent, and other diterpene glucosides of tenryocha extract were investigated, as a part of an ongoing study to evaluate its quality and safety as a food additive.
Materials and Methods

Sample and standard compounds
A sample of tenryocha extract sweetener, the only commercially available product on the Japanese market, was obtained through the Japan Food Additives Association. Leaves of R. suavissimus were purchased from China. All chemicals were of reagent grade, and were used without further purification. Silica gel 60 F 254 (20 cmῌ20 cm, Art. 1.05715 (Merck Co., Ltd.)) and RP-18WF254s (10 cmῌ10 cm, Art. 13124 (Merck)) were used for TLC. Silica gel 60 (70ῌ230 mesh Art. 1.07734 (Merck)), ODS (200ῌ350 mesh, Chromatorex ODS (Fuji Silica Chemical Ltd.)) and Diaion HP-20 (Mitsubishi Chem. Ind. Co., Ltd.) were used for open column chromatography.
TLC and HPLC analysis of tenryocha extract product RP-18 TLC was developed with methanol (MeOH)ῌ water (2 : 1) as a solvent system. The spots were detected under UV (254 nm) irradiation and after spraying with 10῎ sulfuric acid (H 2 SO 4 ) and gentle heating. HPLC was performed with an HPLC system (Shimadzu LC-6A) using the following conditions: column, J'sphere ODS-L80 (4.6 mm i.d.ῌ250 mm) (YMC Co., Ltd.); column temperature, 40῍; mobile phase, 30῎ acetonitrile; flow rate, 1.0 mL/min; injection volume, 10 mL; detection, UV 210 nm. The quantity of rubsoside (1) was determined by HPLC using the absolute calibration method.
Spectroscopic analyses
NMR spectra were recorded on a JEOL JNM-alpha (500 MHz) with pyridine-d 5 , methanol-d 4 , and acetone-d 6 as the solvents. Spectra were referenced internally to tetramethylsilane (TMS) in 1 H-NMR and to the solvent in 13 C-NMR. Assignments of the proton and carbon signals of all isolated compounds were confirmed by pulse field gradient (PFG) heteronuclear multiple quantum coherence (HMQC) and PFG heteronuclear multiple bond connectivity (HMBC) experiments. High-resolution mass spectrometry (HR-FAB-MS) spectra was performed using a JEOL JMS-700 mass spectrometer in the positive and negative modes. Melting points were determined using a Yanako MP-3 apparatus and were uncorrected.
Preparation of hot water extract from the leaves of R. suavissimus
The leaves of R. suavissimus (1.0 g) were refluxed in water (50 mL) for 2 hours. The solution was filtered and the filtrate was evaporated in vacuo, a#ording the residue (443 mg) which was used as the hot water extract from the leaves of R. suavissimus.
Isolation of compounds 1, 2, 3, and 4 from tenryocha extract product A sample of tenryocha extract product (5.0 g, powder) was dissolved in water, and the solution was partitioned with hexane, ethyl acetate (AcOEt), and butanol (BuOH) successively, a#ording a hexane-soluble part (7 mg), an AcOEt-soluble part (192 mg), a BuOH-soluble part (1,800 mg), and a water-soluble part (3,087 mg). The BuOH-soluble part was subsequently chromatographed on a Diaion HP-20 column by eluting successively with H 2 O, 25ῐ MeOH, 50ῐ MeOH, 75ῐ MeOH, 100ῐ MeOH, and acetone, with monitoring by using TLC. The eluates were concentrated in vacuo, a#ording six fractions: a, b, c, d, e, and f. Fraction e was chromatographed on an ODS column with MeOHῌwater (2 : 1) with monitoring by TLC, a#ording compounds 1 (40 mg), 2 (15 mg), and 3 (5 mg). The AcOEt-soluble part was chromatographed on a silica gel column with hexaneῌ acetone (1 : 1), a#ording compound 4 (11 mg).
Compound 1 (rubusoside): a colorless powder, melting point 175ῌ180῏ (lit. 178ῌ181῏ 1) Table 1 .
Results and Discussion
Structures of compounds 1, 2, 3, and 4
The tenryocha extract product was partitioned with hexane, AcOEt, BuOH, and H 2 O. The BuOH-soluble part was chromatographed using a Diaion HP-20 column and an ODS column with monitoring by TLC, a#ording compounds 1, 2, and 3. The AcOEt-soluble part was chromatographed on a silica gel column, a#ording compound 4 (see Experimental section). The structures of compounds 1, 2, 3, and 4 were identified on the basis of their spectral data. 2) From these data, it was concluded that compound 1 is rubusoside, which is a main sweet constituent of tenryocha extract product.
Compound 2 was also obtained as a colorless powder with a melting point of 249ῌ253῏ and molecular for- 6 ). The spectrum suggested that the aglycone of compound 2 was the same as compound 1, with compound 2 having only one glucosyl group. In the HMBC experiment, a correlation was observed between d 4.49 (anomeric H) and d 87.6 (C-13). Based on this evidence, it was concluded that compound 2 is steviolmonoside (13-O-b-glucosylsteviol) 2) . The isolation of compound 2 from tenryocha extract product has not been reported before.
Compound 3 was also obtained as a colorless powder with a melting point of 149ῌ156῏ and molecular for- Comparison of the 13 C-NMR spectrum of compound 3 with those of compounds 1 and 2 indicated that compound 3 is a kauranoic acid derivative having one tertiary and one primary hydroxyl groups and one b-glucosyl group. In the HMBC experiment, a correlation was observed between d 5.41 (anomeric H) and d 178.2 (C-19), suggesting that compound 3 is either panicloside IV ( b-glucosyl ester of ent-16a,17-dihydroxykauran-19-oic acid) or suavioside E ( b-glucosyl ester of ent-16b,17-dihydroxykauran-19-oic acid), both of which are minor constituents in the leaves of R. suavissimus 2) . However, the only di#erences between the 13 C-NMR spectra of compound 3 and suavioside E 2) were observed at three carbons, namely the signals of C-13, C-16, and C-17 were shifted to d 46.2 from d 41.6, 82.9 from d 79.8, and d 66.8 from d 70.5, respectively. The melting point and 13 C-NMR spectrum of compound 3 were almost identical to those of panicloside IV 2), 7) . Therefore, based on this evidence, it was concluded that compound 3 is panicloside IV (tasteless).
Compound 4 was also obtained as a colorless powder with a melting point of 250ῌ254῏ and molecular formula of C 20 H 32 O 4 , based on HR-FAB-MS. Its 13 C-NMR spectrum indicated that compound 4 is almost identical to the aglycone of compound 3. It was therefore concluded that compound 4 is ent-16a,17-dihydroxykauran-19-oic acid, which is prepared from compound 3 by partial alkaline hydrolysis. Although compound 4 has already been found in nature, this is the first demonstration of its occurrence in tenryocha extract product.
The structures of compounds 1, 2, 3, and 4 are shown in Fig. 1 . Compounds 1 and 2 have a common aglycone, steviol, whereas compound 3 is a b-glucosyl ester of compound 4. Compounds 2, 3, and 4 are minor constituents in tenryocha extract.
TLC and HPLC analysis of tenryocha extract
In order to confirm the origin of the tenryocha extract, the tenryocha extract and hot-water extract, prepared from the leaves of R. suavissimus, were compared using TLC and HPLC profiles.
In Fig. 2 , the RP-18 TLC profiles of the tenryocha extract product, the hot-water extract, and the isolated diterpene glucosides 1ῌ3 were illustrated. Several spots were observed on TLC, and the tenryocha extract product and the hot-water extract profiles were most identical. A tailing spot that absorbed UV (254 nm) was observed at Rf῎0.67ῌ0.99, and this was thought to be a mixture of polyphenols. Below the tailing spot, three brown spots of compounds 1, 2, and 3 were observed after spraying with H 2 SO 4 and gentle heating. The spot of compound 1 was the most intense. Figure 3 shows the HPLC profiles of tenryocha extract product and hot-water extract, which were almost identical. A small peak at around 15 minutes was derived from the main sweet constituent (compound 1) as proven by injection of isolated compound 1. The other large peak at about 2ῌ6 minutes was derived from the polyphenol mixtures. We have previously reported that the polyphenolic constituents are mainly composed of gallic acid, ellagic acid, sanguisorbic acid dilactone, hydrolysable tannin, etc. 8) . Other minor constituents were not detected on the HPLC, because the content of compound 2, whose retention time was around 45 minutes, was too small and compounds 3 and 4 have no absorption at UV 210 nm.
In addition, in order to quantify compound 1, a calibration curve ( y῎(3Eῌ6)x῍(3Eῌ5), correlation coe$-cient r 2 ῎0.997) for the peak area against the quantity injected was prepared for compound 1 within the range of 0.2ῌ2.0 mg/mL, with a retention time for compound 1 of 15 minutes. The concentration of compound 1 in the tenryocha extract product was 8.65῏. Therefore, from TLC and HPLC analysis the tenryocha extract product and hot-water extract are almost identical, confirming that the origin of tenryocha extract product is the leaves of R. suavissimus.
Conclusion
Tenryocha extract product is used in Japan as natural sweetener and material for health care foods. This study confirmed, based on TLC and HPLC analysis, that the origin of the tenryocha extract product is the leaves of R. suavissimus, as stipulated in the List of Existing Food Additives in Japan. The constituents of tenryocha extract product were also clarified. This is the first report on the diterpene glucosides 1, 2, 3, and 4 in tenryocha extract. 
